Skin cancer is the most common form of cancer in the United States, with the incidence increasing considerably. At current rates in the United States, a skin cancer will develop in 1 in 6 people during their lifetime.
These tumors are rarely fatal, but are considered to be fast growing tumors that if neglected may be locally and functionally destructive.
In contrast, melanoma represents 5% of all diagnosed cancers in the United States, 15% of which prove to be fatal. 3 Although melanoma is seen more with increasing age, it is the most frequent cancer plaguing women aged 25 to 29 years, and the second most frequent cancer afflicting women aged 30 to 34. 2 Tumor depth is the most important prognostic indicator for melanoma, thus early recognition and management are imperative for improved therapeutic outcome.
Although the nonmelanoma and melanoma skin cancers encompass the vast majority of skin cancers, there is a large number of other malignancies of the skin that are less commonly confronted by the clinician. Neoplasms of the skin classically have been divided into those that differentiate from the epidermis, dermis, adnexal structures of the skin, and those derived systemically. This review focuses on the most frequent malignant neoplasms, and divides them into those that are classically designated nonmelanoma skin cancers (also known as keratinocytic tumors), melanoma, and other less common skin cancers of the skin. An extensive list of skin malignancies is provided in Box 1. 
NONMELANOMA SKIN CANCERS (KERATINOCYTIC TUMORS) Actinic Keratosis (Solar Keratosis)
Actinic keratosis was first identified as ''keratoma senilis'' by Freudenthal in 1926 , and later more fully described and renamed ''actinic keratosis'' by Pinkus in 1958. 4, 5 The term ''actinic keratosis'' literally means a keratotic (thickened, scaly) growth caused by damage induced by a ray, presumably electromagnetic irradiation including sunlight. Other sources of radiation such as artificial light sources, including tanning beds and ultraviolet irradiation, may result in actinic keratosis as well. These lesions are considered to be premalignant squamoproliferative lesions, and some investigators have postulated that they may actually represent an intraepithelial form of squamous cell carcinoma kept in check by immune surveillance of the body.
Actinic keratosis is one of the most common skin conditions managed by the dermatologist. There are more than 2 million cases diagnosed yearly. In Australia, the estimated rates of actinic keratosis in adults over 40 years old ranges from 40% to 60%. 6 It is estimated that up to 25% regress spontaneously but 0.1% to 10% may undergo malignant transformation to squamous cell carcinoma. [7] [8] [9] The frequency of actinic keratosis correlates with cumulative UV exposure. High-risk populations include the elderly and people receiving immunosuppressive therapy, psoralen plus ultraviolet A therapy, and arsenic exposure. Outdoor workers have higher annual exposure to ultraviolet light, thus constituting an occupational risk in a subset of patients. [10] [11] [12] In solid organ transplant patients, actinic keratosis occurs significantly earlier (54 vs 70 years). 13 Furthermore, it has been suggested that in patients with organ transplants and actinic keratosis, there is a higher accelerated progress of squamoproliferative neoplasms to invasive squamous cell carcinoma. 14 Actinic keratosis clinically presents as rough, pink, but circumscribed epidermal lesions (<1 cm in diameter), typically found on areas of the body exposed to sunlight (Fig. 1) ; it can also present with brown pigmentation, and may form cutaneous horns (Fig. 2) . Patients of fair complexion and chronic sun exposure most commonly have actinic keratosis, but it can occur in patients of any skin type. Due to the variety of clinical presentations, other lesions such as melanomas, squamous cell carcinomas, and warts must be excluded. It is more difficult to separate actinic keratosis from other skin neoplasms in patients with multiple actinic keratosis. Furthermore it is difficult, if not impossible, to determine which actinic keratosis will eventually become a squamous cell carcinoma.
Actinic keratoses represent focal areas of abnormal keratinocyte proliferation with loss of orderly maturation of keratinocytes. There are atypical keratinocytes characteristically involving the lower portions of the epidermis with overlying parakeratosis (Fig. 3) . Cells show hyperchromaticity of nuclei, and atypical mitotic figures. Five classic histologic variants have been described: hypertrophic, atrophic, bowenoid, acantholytic, and pigmented. Histologic overlap of more advanced actinic keratosis and squamous cell carcinoma in situ is frequent, and some investigators have postulated a revised histologic grading system similar to that of cervical intraepithelial neoplasms (squamous cell carcinoma in situ AK type or keratinocyte intraepithelial neoplasia). Identical gene mutations (ie, p53) have been linked to both actinic keratosis and squamous cell carcinoma, supporting the hypothesis that actinic keratosis is indeed an early squamous cell carcinoma in situ. 15 This linkage would potentially allow grading of these lesions, and help improve the understanding of their biologic behavior.
Actinic keratoses may be treated for cosmetic reasons or for relief of associated symptoms, but the most compelling reason for treatment is to prevent squamous cell carcinomas. Several treatment modalities have been described including cryotherapy, photodynamic therapy, and topical therapies. Choice of treatment depends on patient preference and understanding of treatment, comorbidity, and cost. Whereas cryotherapy and other surgical therapies (eg, laser therapy, dermabrasion, and so forth) are suitable for treating solitary or few actinic keratosis, more widespread change requires topical treatment or photodynamic therapy (PDT). Cryotherapy using liquid nitrogen is the most common modality for treating actinic keratoses. The procedure is highly effective, with reported cure rates between 75% and 99%. 16 Potential adverse effects include infection, hypo-or hyperpigmentation, scarring, and hair loss; however, serious reactions are rare. Topical fluorouracil is an established treatment for actinic keratosis (Fig. 4) . Fluorouracil acts by inhibiting DNA synthesis. Another topical treatment is imiquimod, which is an immunomodulator Fig. 1 . Actinic keratosis. There are multiple pink scaly papules. Multiple lesions are frequently seen, and it is difficult to distinguish more advanced lesions from squamous cell carcinoma. that acts by upregulating the production of tumor necrosis factor-a and other proinflammatory cytokines in the skin via Toll-like receptors. Fluorouracil is approved in both the United States and Europe for treating actinic keratosis, with reported clearance rates between 53.7% and 70%. 17 Topical diclofenac has also been suggested to improve clinical appearance of actinic keratosis in several studies. In a phase 4 study, 78% of patients had 75% reduction in actinic keratosis after 12 weeks of treatment with topical diclofenac. However, its efficacy has not been confirmed histologically, and there is a need for further studies. Photodynamic therapy involves applying a photosensitizing agent to each actinic keratosis, followed by exposure to light of a specific wavelength; this leads to cell death. This method has been found to be superior to cryotherapy and 5-fluorouracil (5-FU) in treating extensive actinic keratosis, with a reported cure rate between 69% and 93%. PDT using both blue light and red light is approved by the Food and Drug Administration (FDA) for treating nonhyperkeratotic actinic keratosis on the face and scalp. 16 Fig . 3 . Histologic image of actinic keratosis under light microscopy (original magnification Â20). There are characteristic focal areas of parakeratosis, with loss of the underlying granular layer, and a slightly thickened epidermis. There is some mild downward growth of the basal layer and cytologically atypical keratinocytes. Extensive solar elastosis is commonly observed in the dermis. If solar elastosis is not evident in a suspected actinic keratosis, other lesions that mimic actinic keratosis should be considered in the differential diagnosis. 
Keratoacanthoma
Keratoacanthoma was first described as a ''crateriform ulcer of the face'' by sir Jonathan Hutchinson, and due to its considerable acanthosis was coined ''keratoacanthoma'' during the post-World War II era by Freudenthal of Wroclaw. 18, 19 The incidence of keratoacanthoma is difficult to know because 50% of cases spontaneously involute. 20 Data on keratoacanthoma incidence does not take this into account. Keratoacanthomas occur between the ages of 50 and 69 years, with rare presentation before the age of 20. 21, 22 The incidence is slightly increased in males. 22 The typical keratoacanthoma is a solitary lesion found on the lower lip, cheek, nose, eyelid, hands, or neck (Fig. 5) . 23 The lesion is generally characterized by 3 distinct stages of maturation. During the primary stage the tumor grows rapidly to about 10 to 25 mm in size. 24 This stage lasts approximately 2 months. During the secondary stage the lesion stops growing and presents as a keratin-containing domelike structure. During the tertiary stage, 50% of the lesions regress and expel their keratin contents. This stage lasts approximately 1 month. 20, 25 One-fifth of keratoacanthomas studied have evolved into malignant lesions metastasizing into perivascular, perineural, intravascular, and lymphatic areas. [26] [27] [28] During the proliferative or primary stage, proximal hair follicles localize the invagination of the epidermis with a keratin inclusion. This lesion is characterized by hyperkeratosis, acanthosis, and a thick stratum granulosum with keratohyalin granules. In addition, mitotically active, possibly atypical epidermal cells migrate from the hair follicles toward the eccrine sweat glands. Perineural and intravascular invasion are considered benign, while the prognostic impact of invasion below the level of eccrine sweat glands is under debate. During the fully developed, secondary stage, a lip of epidermal cells extends around a keratin-filled crater, with many areas of keratinization characterized by an eosinophilic and glassy-finished look. Microabscesses with associated neutrophils, horn pearls, and a mixed dermal accumulation of lymphocytes, histiocytes, eosinophils, and plasma cells are common. During the involutional, or tertiary stage, keratinization of the base of the crater leads to its flattening-out. The dermal infiltrate of the secondary stage is characterized predominantly by histiocytes that form a granuloma-like structure against the keratinized base. Fibroblasts beneath the base proliferate, causing a gradual flattening of the base and expulsion of the contents of the lesion including any atypical remnants. Due to the histologic and clinical findings, many consider this a variant of squamous cell carcinoma. 24 Therapy for keratoacanthomas is primarily destruction or excision. Management is essentially similar to that of squamous cell carcinomas and basal cell carcinomas, and is discussed in a later section.
Squamous Cell Carcinoma in Situ and Bowen's Disease
Squamous cell carcinoma in situ is an ''intraepidermal carcinoma'' made up of atypical keratinocytes throughout the full thickness of the epidermis. Bowen's disease is a term initially historically used for squamous cell carcinoma in situ of ''non-sunexposed'' skin. At present, however, it is generally accepted that Bowen's disease and squamous cell carcinoma of the skin in situ are synonymous.
The etiology of squamous cell carcinoma in situ is similar to actinic keratosis, and includes UV irradiation from sunlight or other sources. Squamous cell carcinomas are also frequently associated with human papilloma virus (HPV). Those of genital areas are most commonly associated with HPV-16 and HPV-18. Nongenital squamous cell carcinoma in situ may also be associated with HPV, those most commonly cited in the literature being HPV-2, HPV-16, HPV-34, and HPV-56. A retrospective study of patients with squamous cell carcinoma in situ showed that 19% were immunocompromised, and these patients were approximately 10 years younger, had more lesions, and had a higher rate of recurrence (9% vs 3%). 29 Roughly 3% to 11% of squamous cell carcinomas in situ may become invasive squamous cell carcinomas, and thus present invasive malignant potential. 30, 31 These lesions present clinically as pink, well-defined, erythematous papules and plaques anywhere on the body including the trunk, eyelids, hands, feet, face, and genital area. The lesions may have scale, and the patient often inform the physician that the lesion has bled in the past.
Squamous cell carcinoma in situ histologically shows full-thickness involvement of atypical keratinocytes throughout the epidermis, and may involve the epidermis of adnexal structures such as the hair follicles. Increased mitotic activity is evident, as well as disorganization of the orderly maturation of the epidermis with loss of the granular layer. Necrotic keratinocytes are frequently observed. In the superficial dermis there may be lymphocyte aggregates (Fig. 6) . 32 Bowenoid papulosis is likely a variant of squamous cell carcinoma in situ that clinically appears on the genitals, and appears more as a verrucous simulating condyloma accuminatum (Fig. 7) . Bowenoid papulosis histologically has features of condyloma accuminatum but also keratinocyte atypia similar to that found in squamous cell carcinoma in situ. In general these tumors are more indolent than squamous cell carcinoma in situ, but invasive bowenoid papulosis has been reported.
Multiple therapeutic options are available for treatment of squamous cell carcinoma in situ. 5-FU has been used topically for treatment of squamous cell carcinoma in situ. 5-FU is usually applied once or twice daily as a 5% cream for a variable period of time (between 1 week and 2 months) to achieve disease control, and repeated if required at intervals. Imiquimod has been used as a 5% cream. Imiquimod has both anti-HPV and antitumor effects, and is therefore potentially useful for HPV-associated Bowen/bowenoid papulosis as well as for non-HPV-associated Bowen disease. The best evidence currently available is a single small study that demonstrated 73% histologically proven resolution with imiquimod. 33 Cryotherapy seems to have a good success rate with adequate treatment (recurrences less than 10% at 12 months), but healing may be slow for broad lesions and discomfort may limit treatment of multiple lesions. Curettage with electrocautery is also described, with a wide range of cure rates. Although it is logical that excision should be an effective treatment, the evidence base is limited.
Malignant Skin Neoplasms
Mohs micrographic surgery (MMS) has become the recommended treatment for digital and for some cases of genital (especially penile) squamous cell carcinoma in situ, due to its tissue-sparing benefits. Previous studies on PDT suggested an initial clinical clearance rate of 80% to 100% (most around 90%) with 1 or 2 treatments, and a recurrence rate of about 0% to 10% at 12 months. This modality requires the activation of a photosensitizer, usually a porphyrin derivative, by visible light. All of the aforementioned treatments have some advantages and disadvantages, which are dictated by lesional factors (size, number, site, potential for healing, or functional impairment), general health issues, availability, and cost. 34 
Squamous Cell Carcinoma
Squamous cell carcinoma is the second most common cancer in the United States, but causes more deaths than basal cell carcinoma. The American Cancer Society estimated that at least 20% of cases of skin cancer in the year 2000 were squamous cell carcinomas and in 2008, over 1 million new cases of skin cancer were estimated. 3 Squamous cell carcinoma is more common in older, fair-skinned individuals, and is a result of chronic UV exposure. The pathomechanism for the development of squamous cell carcinoma is complex and multifactorial, and requires both genetic predisposition and environmental exposures. The role of UV damage to the DNA of keratinocytes is considered the most important contributing carcinogenic factor, as 80% of squamous cell carcinomas occur on sun-exposed areas of the body. Although both UVA and UVB radiation plays a role in the formation of squamous cell carcinoma, it seems that UVB rays are the more important contributing factor. Furthermore, it is known that the incidence is increasing, and that this may due to the depleting ozone layer, further migration of aging populations to areas of warmer climate, and the increased use of tanning beds. 35 Duration of immunosuppression in solid organ transplanted patients has been directly correlated with the development of squamous cell carcinoma in this patient subset. [36] [37] [38] The incidence increased from 5% at 2 years, to 10% to 27% at 10 years, to 40% to 60% at 20 years, and it was found to be linked to the associated immunosuppression regimen. These regimens allow for the production of cytokines that promote tumor growth and proliferation.
14 HPV plays a role in the pathogenesis of squamous cell carcinoma in both immunocompetent and immunosuppressed patients. In genital squamous cell carcinoma HPV-16 or HPV-18 have been implicated, and in head and neck squamous cell carcinoma, HPV-16 is a risk factor. Chronic inflammatory conditions may also result in keratinocyte transformation to squamous cell carcinoma. These conditions include chronic venous ulcers, discoid lupus erythematosus lesions, erosive lichen planus, and lymphedema. Any changes in the clinical appearance of a chronic cutaneous inflammatory condition, especially increased induration or ulceration, should trigger the physician to consider transformation to squamous cell carcinoma and pursue further diagnostic studies including a skin biopsy.
For most fair-skinned individuals, squamous cell carcinoma will develop on skin within a preexisting area of actinic keratosis. The clinical presentation may vary from a small, pink, erythematous, scaly papule to a large, ulcerated, and indurated plaque (Fig. 8) . If the squamous cell carcinoma is sufficient in size, patients may note pain, bleeding, or other peripheral neural symptoms reflecting perineural spread. The clinical differential diagnosis includes actinic keratosis, keratoacanthoma, basal cell carcinoma, and melanoma. The definitive diagnosis is usually rendered on pathologic evaluation of a lesional skin biopsy specimen. Squamous cell carcinomas of mucosal surfaces tend to be far more aggressive, and may present with regional lymph node involvement. A lymphatic examination is mandatory for any invasive lesion and for patients with prior invasive or high-risk squamous cell carcinomas. For larger lesions and lesions involving the mucosal surfaces, patients should be staged according to the American Joint Committee on Cancer criteria.
Squamous cell carcinomas consist histologically of nests of atypical squamous epithelial cells intermixed with normal squamous cells, which arise from the epidermis and extend into the dermis. Characteristics of these atypical cells include a more extensive range of size and shape, hyperplasia and hyperchromasia of nuclei, increased abnormal mitotic figures, and loss of intercellular bridges. Keratinization is common in squamous cell carcinomas (Fig. 9) . Most squamous cell carcinomas arise at a site with surrounding chronic sun damage, showing solar elastosis as well as actinic keratosis adjacent or within the squamous cell carcinomas. Some investigators have proposed histologic criteria for determining prognosis, but currently there are no definitive criteria. Many have suggested that prognosis be based on histologic squamous cell carcinoma variant, depth of invasion, or whether there is perineural Fig. 8 . An invasive squamous cell carcinoma. There is a large crusted plaque with surrounding ill-defined pink scaly plaque. involvement, but this has yet to be generally accepted. 39 Therapy and management of squamous cell carcinomas is discussed later.
Basal Cell Carcinoma
In 1827 Arthur Jacob published ''Observations respecting an ulcer of a peculiar character which affects the eyes and face.'' 40 What he described in his article later came to be known as basal cell carcinoma, so named because from a histologic perspective it looks similar to basal cells of the epidermis. Basal cell carcinoma is the most common malignancy occurring in humans. The American Cancer Society estimated about 75% of cases of skin cancer in the year 2000 were basal cell carcinomas and in 2008, over 1 million new cases of skin cancer were estimated. 3 Basal cell carcinoma is most common in fair-skinned individuals (those who burn easily and tan poorly), although it may be found in patients with darker skin types, including those of African descent. 41 Previous articles have suggested that childhood exposure to UV radiation is the primary cause of basal cell carcinoma, and adult exposure does not have as much of an impact. 42 Intermittent chronic light exposure, rather than continuous light exposure, is more closely associated with basal cell carcinoma. 43 The probable range of wavelength of UV exposure that contributes to all nonmelanoma skin cancers includes 293, 354, and 380 nm. 44 There is also a strong inverse correlation between latitude and the development of basal cell cancer. 45 More recently 2 vitamin D polymorphisms have been associated with nonmelanoma skin cancers and malignant melanoma, suggesting that their development may be somehow associated with vitamin D metabolism. 46 As with squamous cell cancer, basal cell carcinoma incidence increases in patients with solid organ transplantation receiving concomitant immunosuppressive therapy. [36] [37] [38] Most basal cell carcinomas are found on the head and neck; however, some may be found in non-sun-exposed areas of the body. The vast majority (60%) of basal cell carcinomas are noduloulcerative or ''rodent ulcers.'' These lesions begin as small, reddish, translucent nodules with telangiectasias (Fig. 10) . As the lesion grows, the center may ulcerate, leaving behind the classic ''rolled borders.'' If the lesion is not treated in its earlier stages it can lead to destruction of underlying tissue, including intracranial invasion. 47 Although the cancer is not known to be associated with a high mortality, there have been a few cases of metastasis to the central nervous system and the bone. 48 These cases are extremely rare, and it is much more common for basal cell carcinomas to be locally aggressive than systemically involved.
Most variants of basal cell carcinomas retain some characteristics of normal basal cells; however, they differ due to a lower cytoplasm to nuclear ratio and absence of intercellular bridges (Fig. 11) . Different basal cell carcinomas vary in terms of change in cellular population and cell morphology. It is currently assumed that pluripotential stem cells have a high potential to convert to basal cell carcinoma when exposed to excessive sunlight or have p53 gene mutations. Four major subclasses exist: nodular, superficial, pigmented, and morpheaform. The nodular form shows palisading of nuclei, clefts between epithelium and the stroma, and a specialized stroma. The superficial form shows horizontally arranged lobules of atypical basal cells in the papillary dermis that have broad-based connections with the epidermis, surrounded by a thin stroma filled with lymphocytes and histiocytes. The pigmented form is similar to the nodular form, with the addition of melanocytes intermixed with basal cells and melanin within the cancer cells and stromal macrophages. The morpheic form has no connection to the epidermis, and usually presents as islands of neoplastic basal cells surrounded by a dense collagen-filled stroma. 49 The latter variant has a higher associated recurrence rate after surgical therapy compared with other variants. The clinician should be particularly aware of patients with certain syndromes who are more predisposed to developing basal cell carcinoma frequently on non-sun-exposed skin. Xeroderma pigmentosum, an autosomal recessive condition in which repair mechanisms for UV-damaged genes are inhibited, is associated with a 1000-fold increase in skin and eye cancers, many of which are basal cell carcinomas. 50 Gorlin syndrome, also known as nevoid basal cell carcinoma syndrome, is a hereditary condition characterized by odontogenic keratocysts of the jaws, hyperkeratosis of palms and soles, and skeletal abnormalities. It was determined recently that the ''Hedge Hog'' pathway, including a PTCH gene mutation (this gene is involved in inhibition of a cascade molecular event that results in cell proliferation), is involved in the development of basal cell carcinomas, and this gene mutation is implicated in the pathogenesis of Gorlin syndrome. Other syndromes associated with melanin deficiency such as Rasmussen, Rombo, and albinism are associated with an increased risk of basal cell carcinoma as well. 51 
Treatment of Basal Cell Carcinoma and Squamous Cell Carcinoma
The most frequently used method for the treatment of nonmelanoma skin cancer is surgical excision of the tumor. Surgical approaches include conventional excision, MMS, electrodessication and curettage, and cryosurgery. MMS is considered by some as the ''gold standard'' for the treatment of a range of nonmelanoma squamous cell cancers because this method provides the most complete histologic analysis of tumor margins, the highest cure rate, and preservation of the maximal amount of normal tissue by removing the tumor with the smallest margin necessary. 52 MMS is a technique in which serial horizontal sections of tumor are removed, mapped, processed by frozen section in an en-face fashion, and analyzed microscopically. The entire deep and peripheral margins are examined by the surgeon and immediate reexcision of the residual tumor region is performed until the area is tumor free. Table 1 shows the indications of MMS in treating nonmelanoma skin cancer. Excision is the most common therapy for treating nonmelanoma squamous cell cancer, and is useful for treating low-risk tumors because it provides acceptable cure rates and is costeffective. 53 This method allows for histopathologic examination of the tissue, and although 100% of the margin is not examined, 95% of low-risk tumors will be adequately excised by removal of the tumor with a 4-mm margin. The cure rates for squamous cell carcinoma and basal cell cancer are 92% and 95%, respectively. Curettage and electrodessication is often used to treat superficial nonmelanoma squamous cell cancer, and relies on the textural differences between tumor cells and the surrounding normal tissue. This technique does not permit histologic margin analysis. The method is also technique dependent and not appropriate for higher-risk tumors such as morpheaform, but it is cost-effective and rapid to perform. Curettage and electrodessication is not suitable for treating recurrent tumors, lesions larger than 2 cm in diameter, tumors extending into the fat, tumors at sites of high risk for 52 Nonmelanoma squamous cell cancer can be treated using ionizing radiation as either a primary or adjuvant therapy. Although radiation therapy is effective, its use is limited because of the side effects induced; hence, radiation therapy can be used in certain patients who are not surgical candidates. Newer noninvasive options for nonmelanoma squamous cell cancer include topical chemotherapeutics, biological immune response modifiers, retinoids, and photodynamic therapy, which can be used particularly in patients with superficial tumors. Topical 5-FU application has been limited to treating superficial or squamous cell carcinoma. Topical imiquimod similarly is only effective against superficial basal cell carcinoma, small nodular basal cell carcinoma, and squamous cell carcinoma in situ. Imiquimod is FDA-approved only for actinic keratosis and superficial basal cell carcinoma. Studies have demonstrated that application of imiquimod 5 days per week for 6 weeks results in 88% histologic clearance rate using Aldara (imiquimod) 5% cream. 54 Photodynamic therapy is effective in treating squamous cell carcinoma in situ and superficial basal cell carcinomas. Photodynamic treatment of nodular basal cell carcinoma has demonstrated complete responses in 90% of patients, with 74% remaining clear after 2 years. 55 Photodynamic therapy is limited by the depth of penetration of the topical photosensitizers and should not be used to treat thick tumors, tumors with certain aggressive histologic subtypes (eg, morpheaform basal cell carcinoma), or recurrent cancers. Systemic retinoids that are derivatives of vitamin A have a proven chemopreventative effect in reducing the risk of developing squamous cell carcinoma and basal cell carcinoma. The mechanism of action is thought to occur via induction of apoptosis, impedance of tumor proliferation, or stimulation of differentiation during the tumor promotion phase of carcinogenesis. These agents, however, are typically not effective in treating existing tumors. 56 
MELANOMA

Malignant Melanoma
The American Cancer Society estimated over 62,000 newly diagnosed cases of melanoma in 2008. 3 Cutaneous melanoma may have myriad clinical appearances with histopathological correlates. Whereas most early lesions demonstrate the ''ABCDEs'' (Asymmetry, Borders, Color, Diameter, and Evolving) that have been described, many others may be unusual and manifest either some or none of these features. Most are patches, plaques, nodules or tumors, and are greater than 6 mm in diameter when diagnosed, but lesions much smaller than this are well recognized.
The risk factors associated with the development of malignant melanoma are also multifactorial, with both genetic and environmental factors playing a role in its pathogenesis. As with the nonmelanoma skin cancers, patients with fair skin color, blond or red hair, and who burn easily are more at risk than other patients. Details go beyond the scope of this review, but repeated acute sun exposure that has resulted in blistering sunburns during childhood or adolescence increases the risk for melanoma. 57 The effect of chronic sun exposure is more controversial, and there are conflicting data regarding the association between long-term chronic sun exposure and melanoma development. 58 The effects of UV radiation on melanocyte mutations is less understood than that of nonmelanoma skin cancers. More recently, tanning salons have been implicated in the development of malignant melanoma, and public education should be paramount in decreasing the incidence of melanoma in patients who use tanning beds. 59, 60 Malignant melanoma has been classified based on clinicopathological characteristics. The most common is the superficial spreading melanoma, followed by lentigo maligna (LM) melanoma, nodular melanoma, acral lentiginous melanoma (Fig. 12) , desmoplastic melanoma, and other miscellaneous variants. LM and superficial spreading melanoma are both in situ melanomas, and are histologic variants of melanoma confined to the epidermis and the epidermis of adnexal structures. The other variants contain dermal components of the melanoma and, as a result, worse prognosis.
Although most malignant melanomas are pigmented, less than 2% of melanomas are amelanotic, and these pose the most difficulty in clinical diagnosis. 61 These lesions are pink or skin-colored patches, plaques, or nodules that may be ulcerated; they are often mistaken for pyogenic granuloma, basal cell carcinoma, nevi, or fibromas. Desmoplastic melanoma is a rare variant that is notoriously difficult to diagnose clinically and histologically (Fig. 13) . Desmoplastic melanoma usually presents subtly as a pigmented or skin-colored indurated patch, papule, or plaque on sun-exposed skin. Lesions are described clinically as ''fibroma'' or ''scar.''
The histopathological diagnosis of melanoma has an extensive and detailed history. A ''unifying concept'' regarding the histologic diagnosis of melanoma by Ackerman has been proposed and used by the vast majority of pathologists. 62 Both architectural and cytologic criteria were established, and from these criteria the diagnosis of melanoma was rendered. The definitive diagnosis of melanoma often cannot be made, as all histologic criteria have not been fulfilled. This area of more ''atypical melanocytic lesions'' that do not fulfill criteria for melanoma is an ongoing area of research and investigation, and highlights the difficulty in diagnosing certain melanocytic lesions. 63 It cannot be stressed enough that the diagnosis rendered by pathologic examination and the prognosis is dependent on appropriate and adequate sampling by the clinician. 64 Diagnosis is dependent on sampling the correct area of the lesion (ideally the whole pigmented lesion should be sampled) and examination of the entire breadth of the lesion. The lesion thickness as established by light microscopic examination is the most important determinant of prognosis, thus if the biopsy is transected at the base of the tumor, prognosis cannot be fully determined. Extent of anatomic tumor invasion by the primary lesion predicts the 10-year survival probability ( Table 2) . 65 Furthermore, this information is used to establish staging according to the American Joint Committee on Cancer Staging System. 66 Once the lesion is greater than 1 mm in depth, it has been determined that histologic observation of ulceration is a significant Fig.12 . An acral melanoma. There is a large (>6 mm), asymmetric, ill-defined brown patch on the sole of the patient's foot. This appearance is characteristic of advanced acral melanomas.
prognostic indicator, 67 likely due to the related aggressiveness of the tumor or delayed diagnosis of the lesion. Other factors implicated in the prognosis of melanoma include melanoma invasion of lymphatics, angioinvasion, perineural invasion, melanoma nest satellites distal to the primary tumor, elevated lactate dehydrogenase levels, anatomic location (head and neck lesions with worse prognosis), and increased mitotic rate.
The diagnosis of melanoma can be difficult and more recently, molecular diagnostic methods, such as using comparative genomic hybridization, have allowed the measurement of copy number gene aberrations in tumors. It was discovered that over 95% of melanomas have chromosomal abnormalities whereas the majority of benign nevi do not. 68 Distinct patterns of genetic alterations, both chromosomal aberrations and the frequency of specific gene mutations, suggest that the various subtypes of melanoma arise from separate mechanistic routes in response to different selective influences. 69 For example, a study looking at the genetic alterations of melanoma found that those melanomas on skin without chronic sun-induced damage had frequent losses of chromosome 10 and frequent mutations in BRAF, whereas melanomas on skin with chronic sun-induced damage had frequent increases in the number of copies of the CCND1 gene and infrequent mutations in BRAF. KIT has also been identified as an oncogene and potential therapeutic target in melanomas of mucosal membranes, acral skin, and skin with chronic sun-induced damage. This finding is of value, as this subset of melanomas infrequently shows mutations in BRAF. 70 The observation of such chromosomal aberrations in melanoma, and a virtual Level IV Extending to the reticular dermis 67%
Level V Invasion of the subcutis 26% Fig.13 . A desmoplastic melanoma. The lesion is a pink, erythematous, ill-defined plaque that has a central ulcer. These lesions are frequently misdiagnosed clinically as superficial basal cell carcinomas.
deficiency of abnormalities in benign nevi, leads to the possibility that chromosomal analysis could be used diagnostically in melanocytic lesions that are ambiguous, based on current methods of assessment.
Melanoma Therapy
Surgical excision is the standard of care for all primary melanomas, and consists of en bloc excision of the tumor or biopsy site with a margin containing normal appearing skin and underlying subcutaneous tissue. For decades, excision margins of 5 cm or greater in all directions from the tumor border were the standard of care. However, a recent meta-analysis showed no statistically significant difference in overall mortality when comparing wide versus narrow excision margins. Based on the World Health Organization, Australian, and European trials, a 1-cm margin is accepted as adequate for thin melanomas. The recommended maximum margin for melanomas between 1 and 4 mm is 2 cm. 71 Controversy exists around the significance of the early detection and management of microscopically positive lymph nodes detected by sentinel lymph node biopsy. Nonetheless, complete lymphadenectomy is recommended when positive nodes are detected. 72 Metastatic disease is incurable in most affected people, because melanoma does not respond to most systemic treatments. A recent Cochrane review showed an increased response to treatment when immunotherapy was added to chemotherapy, but no difference was seen in survival rate and toxic effects were increased. 73 The outcome of melanoma depends on the stage at presentation. LM is by definition a Stage 0 disease; it is a malignancy in situ. LM has not ventured beyond the basement membrane into the dermis where lymphovascular invasion and subsequent metastases become possible. Therefore, it is curable if completely excised. Controversy exists regarding the surgical margins. Despite the general agreement of 5-mm surgical margin, it is shown to be adequate in less than 50% of cases of LM. 74 MMS offers intraoperative margin assessment, but its drawback lies in the interpretation of frozen sectioned melanocytic lesions. When surgery is technically difficult or cosmetically undesired, other methods can be employed such as cryotherapy, laser therapy, radiation therapy, and immunotherapy (eg, imiquimod). The challenge is to strike a balance between the risks and benefits of a given therapeutic approach. 75 
OTHER MALIGNANT CUTANEOUS NEOPLASMS Merkel Cell Carcinoma
Merkel cell carcinoma, otherwise known as primary cutaneous neuroendocrine carcinoma, was initially described as trabecular carcinoma by Toker in 1972. 76 Merkel cell carcinoma became the official name due to the presence of neuroendocrine granules within the cells, which is a characteristic feature of Merkel cells. 77 The age-adjusted incidence of Merkel cell carcinoma is 0.24 in 100,000 personyears. The incidence is higher in men than women, and it is considered primarily a disease of older or immunosuppressed Caucasian individuals. The incidence in one study in those 65 to 74 years old was 15 times that of those younger than 65. 78 Because the lesion appears most frequently on the head and neck, UV radiation is thought to be a major factor that contributes to its development. Because these lesions may appear on non-sun-exposed areas (though less frequently), genetics is thought to play a role as well. Recently the Merkel cell polyomavirus has been cited as a contributing factor to the development of Merkel cell carcinoma. 79 The classic presentation of a Merkel cell carcinoma is a single, smooth, violet nodule on solar-damaged skin near the periorbital area with telangiectasias found overlying the nodule (Fig. 14) . When it begins growing, it starts slowly but then progresses to more rapid growth, which usually portends a poor prognosis. Eleven to fifteen percent of patients have positive nodes on presentation, and 50% have metastasis to regional lymph nodes. Fifty percent have distant metastasis to distant nodes, liver, bone, brain, lung, and skin. 78 The tumor is comprised histologically of small, round to oval cells of uniform size, with a vesicular nucleus and multiple small nucleoli (Fig. 15) . Mitoses and apoptotic bodies are frequently observed. The tumor can mimic histologically both basal cell carcinoma and small cell carcinomas of the lung. Merkel cell carcinomas characteristically stain positively with CK20 and neuron-specific enolase, differentiating it from other primary tumors of the skin such as basal cell carcinoma. It has recently been reported that tumor depth on histologic evaluation may be a factor in the prognosis of these patients. 80 Surgery is the mainstay of treatment, with guidelines recommending MMS over conventional surgery, and wide local excision of the primary site with all efforts focused on the achievement of clear surgical margins during initial resection. Guidelines recommend sentinel lymph node biopsy to maximize the detection and care of regional disease. Based on the stage of the disease, adjuvant therapies such as radiotherapy and chemotherapy may be indicated. The addition of postsurgical locoregional radiotherapy tends to decrease local and regional recurrence rates, and to prolong relapse-free survival. However, the role of chemotherapy in the treatment of Merkel cell carcinoma remains controversial. 81 
Microcystic Adnexal Carcinoma
Microcystic adnexal carcinomas are rare, aggressive tumors that were first documented in 1982. The median age of patients with these carcinomas is 56 years, with approximately equal sex distribution. Microcystic adnexal carcinoma has primarily been documented to affect whites; however, there has been one case reported in a black patient.
Case reports primarily describe a pale yellow nodule or plaque with irregular borders, which may take decades to reach full symptomatic potential. Common areas of distribution include the nasolabial and periorbital areas in the majority, with some (Fig. 15) proved it to be a Merkel cell carcinoma.
rare cases demonstrating lesions in the axilla, buttocks, or scalp. The disease is known to be locally aggressive, with cases where it has invaded as deeply as skeletal muscle. There have been only a few cases of metastasis. [82] [83] [84] The lesion originates in the dermis and is poorly circumscribed. Basaloid keratinocytes and ducts are 2 primary components. The keratinocyte component may have horn cysts and premature hair follicles. As the cancer extends through the dermis to deeper layers, the keratinocyte/ductal islands reduce in size. 52 
Mucinous Carcinoma
Mucinous carcinoma is thought to arise from sweat glands. It is estimated that the annual incidence of mucinous carcinoma is 0.1 per million. 85 This figure may be underestimated because mucinous carcinoma is often mistaken for a benign tumor.
The tumor clinically presents as a skin-colored to bluish subcutaneous or superficial lesion, most often located in the area of the eyelid. This lesion can be primary or secondary to an underlying malignancy. Internal malignancies of the colon and breast must be ruled out by the clinician, based on clinical, radiologic, and pathologic correlation.
The tumor is composed histopathologically of groups of epithelial cells in the form of ducts, nests, or cords, which are separated by clear areas that contain cells containing mucin. The epithelial cells are strongly positive for periodic acid Schiff and Alcian blue at a pH of 2.5.
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Management includes full workup to exclude the possibility of underlying malignancy, and to determine if the lesion is primary excision with appropriate margins. MMS has been previously used to cure primary lesions. 86 
Aggressive Digital Papillary Adenocarcinoma
Just as with the other sweat gland carcinomas mentioned (microcystic adnexal carcinoma and mucinous carcinoma), this is a rare condition. Most cases have been in men in their sixth and eighth decades, although there have been a few in individuals younger than 20 years.
On presentation, lesions may be painful and mimic a benign ''cyst,'' pyogenic granuloma, soft tissue infection, or a nonspecific ulcer. Thus, aggressive adenocarcinoma of the digit should be suspected clinically in a patient with a painful tumor of the digit. 87 This tumor is marked by dermal ductal and tubuloalveolar structures, which have papilla that project into cystlike openings. In addition, these papilla are lined by epithelial cells that project into smaller cystlike structures. Recurrence rates without appropriate excision approach 50%, but surgical reexcision or amputation with negative histologic margins reduce recurrence rates to 5%. 88 
SUMMARY
Skin cancers may be derived from any part of the skin, and the classification of all variants is extensive. Overall they are the most common cancers of the body, and include those that are highly mortal and those that are associated with an increased morbidity. In this review the most common skin cancers confronted by the clinician and their management are discussed. New associations are highlighted, as well as new information that can help the clinician to better understand the pathogenesis of many of these entities.
